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OPTIMIZATICN OF THE MAIN FADIO MIGINIERING CHARACTL™ISTICS CF HIGHLY EFIICIENY
LOW-ROISE ALTLRULS

-
et

S. M, Verevkin, I, P, lvanov and B. E. Yoperechenko

The surface utilization factor and the scattoring coefficient !
of reflecting paralolic antenras has been investicated theoretic-
ally and experirentzlly as a function of the focal distance of
the mirror and of the radiation pattern of the emitter. A nunker
of quantitative ¢ata is presented and the optimum values of the t
parameters, their criticality ¢.d the possibility of practical

realizaticn arc evaluated. C.

—

The radio ecginccering choracteristics ¢f hichly efficient low-noise parabolic

5

antennas can ke optinmized rainly Ly selecting the ratio £/h, the shape of the rad-

iaticn pattern of the main miivor, the rodiation diagram and écsien of tha cnitter.

It is these factons that prirzrily determine the rost efficient field distribution

at the eperture and the minirum scattering coefficicent of the antenns with optimunm

shape of the radistion pattern.

No adequite quontitative data can bs found in the kucwn nurcrous literature

that permits the indicoted opticization. Wlished results arae related mainly to

antenn.s with main mirror roadiction paticin of type cos™!. Aas is shown Lolow,

)

thess o

verne are yuther fair from the optiau shajo. ;

Phe maxinun restlt in the ratio of Lhe surface utilizaticn fecter (kip) of a

pruakslic antonna cud the encigy scattoring eocfficicnt of the eomitter R oy

R T T
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e 8

provided by ratiatien patteins of noeceial shape closer to tdeel patterns aiven in
1i. 10 1t lew=or 2.n ® 120° and 2—at 2yp = 220°. lowever, it is understandsbic
- ananite corvature of the slope of the yadiation pattoern cannot Yo realincd.
S ecree of o xnximtion to ideal patterns is detexrwinced by the derien charase-
et ies o ef tie eratter and the radiation diagram.
e wes toal oond exvaevicental investigation vas condun{sd with yeocect o a
F . .
S te-rireer gadiavion alooran of the main mivror.
4
noe1tsulating and tleoretical part of the investigation utilizes the results
vLotatanes e surtace utilization factor end the radiaticn scattering coof{fi-
e vithoteaard to the most important factors: the antenna conf{iguraticen and
vy om - aractaaistics. The aperture engle of the main antenna mirror is taken
* e ranoe ol ..a o= 120-220° (£/D = 0.435-0.175). Analytical represcntation of
Cavrorottean of special shape is taken in the form:
I bg
Yy U o yange [N (é) ———— l’\ }—(lwﬁ)( }J (1)
£@ cos? ~§~
‘-
. . . Fi { —~ 3y
ot e panue %“Q.W”rnijrz~ — cax[(rccgar(»l~—l~J>. (2)
o) » Y —y.i
Cuss ——
2
(Y
Cooveramge <y c= 2o (2)
()
“haie of this radiatics pettorn s shown by curve 3 in Figure 1. Angles
<ot e and levels Aand 1 are chown in the sawe figuve,
¢ oanalytical representation is fer fron the cnly one and cannot claim cow-
. Trodetaftled einilay ity to real radiaticn pavtars of <« ocial shoye. Heverthe-
CooT Tt rerresartation yelaing all the principal charecreristics of the rediatt
Vherteoof dntorest and pevindts’one to @ctermine all the st Irportant prineivies
b raant e e ) (,Stir:"«l‘i«“s‘..
: 2
R~ -
200

.ok




Cile PR BRI RN , [ R £
cieleaston factor i yeoched fer antennac with arertuwre of 209 = 1H0° at :

F T T D T Y N PR S g

»
)l’

LX) 180

rigure 1.

. clioatieon factor (K) and the scattering cocfficient  were cal-
Lo rnown tormulas:

¥a E0D \X
Octps > el g -,
ety 2[\6(,&;21#
:’\. = - g (4)

E{$)1?
LEQL}Smde

p=— . (5) €3

¢ ocxloviating Koand £ oin the rengs of parareters are presented
¢+ #and 5. One can make quite specific cenclusions on the basis of

» viich are confirmed exporimentally haolow.

' cu from the indicated soyvics of ar A.“!“., the hi L_'J.(’St veluc of Lhe |

e oy Y P, . . . PO PP SR e
Coanrie ob the paxirus rediation pattern 2y = 205 = 20°, Tor o

He of 2y, thero is a tendoney tovare ¢ chift of the maxirum value
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ol the surtoce wilivetion foctor toward srmiller operture angles 2Ua. Thus, for
2y = 2yg - (LO-8O), the nawinum swrface utiliration factor cccuvs at N 140°,

while the noxirum suriace utilization factey corresponds to 2yp < 126° {for 2y = C.

This circunstance is casy to cxplain if cne bears in mind that the rinimem
Ciglance from Lhe enittor to the coge of the mirror cccurs ot £/D = 0.25 with cive
attenna dim otev. In this case the perivphercl zone of the aparture near the e¢loes
of the miror, corregyonline to the region of slope in the radiaticn pattern of
sprecial shore, has the least avea. The periyheral zone of the apertuve incrcases
vpon deviatvien of £/D from the indicated evtreme walue since the angular dirension
of the recion of the slope ds fined end the distance to the eduye of the nirror

increcses.,

A decrease of the extreme value of 2¢g as the beamw anglc of the maxinum rodi-
ation pattern 2y decreascs should be related to the fact that the contribution of
the peripheral zone of the apertwvre to the surface utiliretion factor increascs at
lowvexr valuces of 2y, wvhere the field distribution is considerably rnonuvniform.

Thereforc, the highect surface utilizatio:

N

I

factor is provicded in these cases in
longer~focus antennas vhere an incicase of fecal distance partially compensatec

for this nonuniformity.

shve, ortizan selcction of the aperture augle of the antenna wirvor 27g is
dopcad- oo the poosildility of realdining the corras)ron..ing citcepnuss of the sloro
of tho raltiatieon rattcin. The wie of enmitters with spoecicl share of the

~

b
patiern with engle 2y = 2y ~ 20° perrmits ono to increcuse the surface uvtilization

factes in &9 vange of englos 29 = 120-220 cospared to @ pattern of cost fox G.il2-

5yt . . [N I W 42, ! e N e 2 U .. - X L N I S AP id .
C.22%, rescclavaely. I this case the hichoest ecndeouleted svrfase wtilivilion 7.oc

e e ruices 0,60 for 2y = 160°,

Lot vs nev Ll b The dependone. of Ue surfece vlilTlLtioen factor on e
Yowud of Lultlics of L ofge of the rinroy o, One ohe D et fn Ahids el
Loy o T e ndonea 0of the oofocs o wvidin o ten foctel o 1 for aadanticn v
Lovng viln the eventrzy Loem argle 20 12-3 poresot dn L0 ronce of 1o = (0=15) 7

£ ~

Yooy Yol of v, o e ordaticaliag of the oo oLl U AL ernes an Dy A eyenn




and is hicte o1 o yooiation patbtorn of Ly

ovtirys valuwe of ¢ odncrecscs fron = (5-C) 45

Thuo, celvcting the optinmus »odinticn
urohters Tro il Yot i TLhL o vegn
Poowil) Tl ot o talld , Orviidn
edoe ef tle rdvaos o Jotor i oarely
cocfiicient,

Finolly, Jei wy onvio ve 0 0 ol o
tion rattoor f. fo Lalion IR A SRR A S
Cpbivrus volte ol Coccrieopondn e gt otond

re zon: , ord ( cannll

sificart o

The pormicaible yonwe of variation of 4 cxp

Lzt us tuun to considovation of the sc
and 5), The tivst thing that etlracts atic
apprecisadly hicheoy velos cf f for ratiztion

Cf srooinl ooheo, cclally sl oo oved

Tt So i owyr i thal the ronttoein

of the s tuva ol the Cadiatien fouliaesas oo U

Ciane:,

cludcs the Focl Ahat, boolnatue o7 fomr Low

In this case the 2

v cosy {2y = 0).

a2y o= 20p - 20° to - (7-9) au ot

Gf the ¢dne of the mirror is cacentially

ot to the surioce vtilization factor.

—~

ien of the lovel of rodiaticn of tue

by the roecuiverenis on the scattering

thi Copth of {he valiey in the radio-

¢! tho suvi~ce uvtilization facltor, the

L¢ly uniform epcrture dictyibution in

w7 Niarien of & from this valve by 0.1-

{fsct on tle surface utilization factou.

auds sarawhett as 2y decreases.

sitexine coafficient R (see Figures 4
ntion in the indicated graphs is the
natterne of tvpe cosy comparcd to theso

{o parterns with ancle 2y = 2yq - ace,

Tiicient §odocrecses

o beanw angle of the mirror 29 in-

vie feature stould ke noted which dn-

¢l of rediaticn of the mizyor ¢d

¢ T,

. LRI p LS - PR
1ot doorcenc viih a fuvihicr dooyresce

o 1 oy the zolistive lovel of the ok

a petion of Lyro cosyy,

ancle Iy o= 2yg o ((0=80) ol




This Giffer¢ in thoe relotiy

b2 TS
|
! edge of the mirory 1 tor different
] trat the sactlorine oo oaity

outside sector 20 is sicnificantly

redative level of field

divecticn ¢l the mivror oo

Ry ccrpuring the effect of the

level of the edge of the rain mirro

back

o

radiation

in tha range of

Uy

T vhile rctaining the

ond the sxevious

shube

i

of scattering coefficient [, one can definitely say thatl
radietion pattern end radiation level of the mirror odcoe

rvadiatien of the emitter is the rost significant in

level of

and its

the field in the direction of the

patterns ig Jetermined by the fact

rort of the main lo'e of the pattern

ont oon the clceapness of its Taus,

slope.

if the storpness of the slope is hich this part of the capacity decreases signif-
E Jeantly ond the yor 0 dility ¢f woftening of the rogqulrerents eproars with regasd
¥
i to the Jevel of radi tioen of the mivrer ¢dne 1.
A . . s
: torcover, the suvface utilization foclor ¢f the cnmitier docrcases somevhat
’ for spccinl radictiocn patterns. oLg a resuli it also beconmes possible to incercoesc

game surTace uvtilisation factor

value of the scattering

ol the radiatlion pattexn, the radiatien

aperture angle 200 on the reduction

selecting the type of ce

and finally the lewvel of

this por-

yegard.,  The ap

ture angle 2y has ¢ wmuch less sicnificunt ef{rct on the scaticring cecfficient.
Use of radi~tion ypatterns of cpeciel shope porcdiis e to riduce the ceattoy-
Lag co2fficiont by oot e than a factor of tvo covpared to pod
Sinco golecticon of the radiaticon leovel of the miyror odoe has little ¢lfecet
¢ the svnface utiiizction fclor over a rathcer wide ranace, the optisum v2due of

T ie medndy dovcrridr s Dry he deouivereones in the xatin of tho soattering corffi-
1
cient. A ovaler of o - (7-8) ¢ can Lo recenmended oy vadiaticn patterns of i
|
spweiel chene, Tn 2000 cnre U cecttoring cocfficiont w1l comxise an averioe
of evyvons ctely 25 rerennd, boaoover, ilbosheuld be =00 wlated hove that bl |
Vel he S losudre w0 T e e noerey 3 itad By U e caither to thie kel
Le i e
f
1
10 .
i
1
il . '
H >
{ .
, o - Rt Jhes DIESE e T IRV E VR SR o Lo T I




The value of p varics proporidonally uvron varviation of {his power corgarcd to
i P

the value of = (36-17) dBE u.-d in the civen ealcuvlation:.

With regard to optim

veloction of the aperture enaic 2 p, then as can be
“ .

seen from the orovhe dn Figoves 2-5, {(ho cIfect 0f 2@ on the surfece utilization

factoy and i iy, nol very c:iticol,

Wherctioxe, Uy can be selectod individuaily in cach syoecific case depending

on thoe reguireronts on the sarfece uidlizetion fozlor and . Heverilicicss the

shove 1U0° is obviouvs since this lcads Lo seme re-

=
i
o)

feasibility ol increasi
duction of the suvrface utilisction fooioy, arcenticlly Coes net reduce £ and
cauvsas cdfitional desion crunlicaticons in the mirror, supyort-rotational cdevice

and anitenne crives.,

The results of calculating the variation of the surxface utilizeticen factor
and [ as a functicn of angle 2¢p ave prescnted below for several experirontal pat-
terns of special cshope. Different lococpiral conical emittors were uscd in this
case. Sclectien in favor cof these ciitters was ¢octevmined Ly theiy advantages
cver other types of antennas, These emitters pormit one to maintain the axial

?

cyrmuetry of the radiatlion patterrs for kolh compornente of il fieléd vecter and
2 L o

saviclactory prlarisation a vide ronwd of frequancicos el

slimpe o 0f the sodi dion nottern.

shepe of tha pottern is deterained Ly solection of tre ancle au

the vortex of the cone and {he angle ©f ¢levation of 1he spival. The pattern is

addition e lly o Leined by nofining the nunbeor of {uvons end the dirensions and .
eheie ol thoe s fleetnry,

A oeorics of o

s oG8 logenspiral omittens de pyce

oriret i al roQistio yotd

)

sod oG dn Piguye ¢, She cotoalabe volure  f the o cvtare surfaece utitinatic

-

faco or, Ul teled surface voddlazitior ooy and v scett - lag econfiicien 0 oo

Proootied An Telte Lo those sons o pecterra, 9loe throe volues ave rodovod 10 '

o~

each Coree by thae Lollowding knova yotoiio: 70
Y 5

11




e m——

N (6)

.. fra.e viilization factor, Ka is the aperture surface util-

. - e seattering cocificient of the cnritter.

e
I ! 2 3 -
, -
i
v
—a . TR ek

0 0 80 120 87

Figure 6.

The Lot L suerigce utilization factor end scottering ceefficient R are detoere

\
sined caiveasions (4) and (5) Ly norerical intagotion of the given exposi-
rontal o ratterns,
The ayerture surface wtilization faclor can be calculated Ly the formols
! “y A 3 ‘3 g
v VAN N N
PR
2 . T 2 .
I wo () i
:\” T ~—~~——~T;'-—'~ rm———— e o i i :
AL :
= o osinydy
JLEE
O
[
o can Lo feund fron expresasion (G) with knewen values of K and 7o %he suvTace P!
viilisation foetor vas measuved on a noacl of a naxaloiie anteonna for an eritics ]

with 3L S oticn pattorn 20T rre 6) e the noathod of cooperison to o oore ey enor
p s

horn antcnna,




Morcover, the values of 1he total surfoece utiliration factor were meacsured by
the radio asivrenony reithoed 1] on 20 sovial antonnas of the Crhita statiowns, where
an crditer with this pattern 3s installcd., 1 valuce of the surface uvtilivotion

factor ¢gqual to an average of 0,73 was found in boti: cases, which is in ¢gnod agree-

ment with the given dsta in Table 1.

Table 1

290
Variants Payuroters 12n° ] 140° l1én° 180°
Aperture kip ® 0.95 W 0.88 0,84 0.73
Radiation pattern 1 8 0.24 0.13 0.06 0.02
k., 0.72 0.77 0.79 0.71

Radiatiion

pattern

Apexture ki; 0.97
g 0.29
kip 0.68

0.91
0.17
0.75

0.t0
0.09
0.7¢e

Radiation

pattern

)

Aperture kip 0.98
8 0.43
kip 0.56 ‘

.96
0.27
0.7

0,94

0.15
0.8

Radiation

pattern

¢
A

Apcrture kip 0.94
B 0.63

kip 0.35

0.94
0.46

o
.

192}
[

0.906
0.3
0,067

The given exporincntal dats mainly confirm the principles that follow feonm

the rosults of cnlcouletion, Howe
foature of experirontel pattevns

-

enitter decign. 0O has dn nmin?

the tiough in the ayi i dioceiion
ticsship cen be attenvated by inc

end oo licating its dozien wnton

[¥S

Jeties, Lringing 1 on aven c¥ooees
Taur, the theoy ~Uiccl v d o

arcincering solulicrs that povrii

Cumvantoistics of yercralic ane

SRR

eI ok dAnve st

vayr, one should also note another characlerictic
welated directly to the projperties of a specific
Love the crcas=cor ~oratien b-tveen the Jenih of
cnd the lewzd of teet radiatdon, Tl yoloe
saasing the everal) girenniorc of tha enitlor
eamits ene to additionadiy drprove the chunncter -

o the porentialy posaible charactorinito

1.

LCaE Q7L YNCe Ul f s o

cna to cefine the freveared raddo enals v
anas Yy ovelatively cLoole methodo,
{faetor,

witieo ul it ot
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PLOICHTIG A COFRECTING MIRKROX TN Tywo-MIDKROR ANTEINAS CF CTRCUTAW IYIMLTKY 72

1. V. Vavilova

© e e o b o+ N B A ki At W2 i, i MR

! The georctric vtilizaticn factor vas investigatoo in two-

mirroy erntenncs of circuler cyrmmatry wuhen the a.crture of the

small mirror that corrects sphericel) aherration is less then

‘ 0.05 of the dicmeter of the large nirror. A rothod of calou-

lating the siall mirror is presenied for a two-rirror svetem

with larce mivrexr in the form of a circular cyvlinder. !
! .
Introduction
Lot we onl) antonnos in which™ the Jeoge nireor ds ¢ Lorcicdal swmafoce twe-riv-
ver of circulor svimetyy., The jrolile of Ve conerctyis of Lhe toreid depend s on
the reguicercuts on the ghope of the rodistion rttern i vhe verticel plane an’
can gencrally e any profile. The cmall rirror is calevl.{ed o0 as to corract
sphoerical @t crration inberent to o tevoid:l tircey and to ensurve forrmation of 1ha
civen pattcrs.  sntenne, of circular syiunlfoy peoemit one 1o contid) vhe boan inoa
f vide ceclor in oni plane enly with farce ndyoor foved by oowdva the o) phero
l
i vith enitter ¢lon, sone cireurf. ener vhose contor 0y 30 locrted on axis 00 o
r
[ Lhe {oeodad (CFoure 1), Inothe spociad cose vhen Ue Iate wiyrer ULoa part of
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laxge toroidal miyvor
Jsmal) correcting miirox
S primary cuitter

Figuvre 1.

baris. There ave now several sipdlan entonnas and enong than is a five-retey an-

tenna desiconed to opovate in the millineter bond, constiucted in Axrenia [13. S

Another spcclal variant of the vo-mirrer antenna of circulsr syinmctyy, which
is of intcrest to develop lavge inst+ii ents, is an anteanoe with the lavce mivror in {

tha form of a circular cylincCexr 1 {(Fig re 2).

b
If a sphericel wave source is used ae the priwory cuitter 3, the small miryor
4 : a3 ] ~ N . . N
' in the vertical plane sheould lLive a © -rebolic profile 2, It is rore convenient to
use an asymmetrical prorakole sirce the zeceiviryg arcaeratus cor ko loate 6 neor Vhc
i

8

ong can &void shning of the eriiting cresture. 1

~
.

, emitier an

whis antenne permits one to control the beam only ip a single horicontal plong, Vi

M additional plene mayrvror ¢ can be wsed for contiyoel in the other planc, 3.¢., oro

i can onerete by the poviscer s schore {(Fizcoe 2). 0 Tiie vorsion of the antonnd is fr-

tricuing eince it can ke realized en the Lisis of ¢n abntonna with variable profile

reflactor (AFP) [2), which is recomrondod Ly Sovicl srecialisis Lo crecaln oo
2 I .

radio teleacopes (vor oxarmlic, thoe aThs- GO,

¢ Lheory and caluuldotion o ot ool tuoeniooion nle e hive Lo oot

¢red (33, 1t dis shown that the exicstine anerivie ol a larce miyvyey 13 conliloire

L
¢
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function: given in the popor are limited by the case when the aperture of the

small mirror corprises 0,05 of the diameter of the laxge mirrov, 1The possikilitics

of furthor reducing the dimensions of the nall pirror will be censidered in this

paper, which may be ncocusary vhen developing very larae instruments of both the
sphexical and cylindrical type. Morcover, & rethod of calculating the snmall nir-
ror for a cylindrical Lvo-mirror systew is presentoed in this paper and a nuricr ol

practical instructions is ¢iven on sclecting the rautusa) rositiou of its corpunents.,

Dependence of the CGeurotric Utilization Factor on the Position and Value of the
Aperture of the Small Mirror

Lot us recall that tho ratio of the exisiing arorture of the larce mivror Dy
3 & _ A
to its totel diancter Dy is celled Lthe georotric ubilizaticn factor:
Dp o Ryyes

Ky -2= .
T D, Ry

1]

Further, for gencrality, let vs assumc that Rg = 1 and let us find ths results
expressed in fractions of a radius. The function of intervest can casily ke found

by making use of peramctric egquations of the focel curve at Rg = 1:

, < 1
Yoeesintq, X 005q=(1»—5?1ft). ()

Actusliy, lct ue consider Pigure 3 whoro the horlzontal cresc-section ¢ the

large mirvor and itvs focal curve ave shovwn.,  Toh us initially consider the coec
vhon Lhe snald mizres is lecaled in the nrofocal cone.  The position of its o) ~u-
e ‘e Sovoterd Ly ) oond the poavh of the 1oous du the antonna is shown by th.
dashed Tive, It La coay 1o g ¢ 9ot cooxdinaivs Y wrd X of the focz) crv: ave

coordinates of the exiyops point- of the croviure of Lhe emall mdrvor ard conse-

Cloavaly Sove o stios the value of U oL
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focitv, croroaove Gf v Yoo i or
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rirror is lecated in the transfocal zene (Lhe pocition of its

pre 2y, the path of t in the antenna is shown by thle

tror roint of the apcerture of the £02a11 rmirror coincides with

section of the relflected bean with ity oy osite branch rather

cf centact of Lthe raflected beam vwith the focal curve,
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Wit et vt oes i woalewing wdditional cireumstorce.  Since the emall rivior ras

pl

Gorrarile oo o of an asvirmctrical parabela in the vertical cross-rsectico

[N
-~
e
=
-
-

Gle peist ersate that its urper edge also not intercect thoe focrl curve.

To Jo thie, tle condition vhich is explained by TFigure € chould he fuliilled:

—~
[
~

vieoro oo Do L Boelahit of whe comallomderon

Lot us now taon to finding the svxfoeo of the w1 ivrer, Tt ds Nooan thrt

s

The ool mirror in oy horvical teo-ndvror onteornts o5 ¢f o yototion &L Ui ﬂ
proslert veduocs L the plane veol Yo, foe., to L5ty o reefile of the o
aty L. I the consivdered case the $0a1) rdiyor is a curicce of doukle curvetur

end the prol:lem vust Lo solved in a thren-cosrdinetc syaion (07 ~ure 6).
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Pavins ol ciroted (7) duto (o), v find the folleving formulos to det camnine

o condinate, o e rellocied wve

Ve ceveation of the surface of the small riveor in vector form ds

i5 oa eonstoants;

wlhove ¢ = 1 + - 7k

. oy T ¢ . T . ~
S 2 g - 20 1, equation of normal)
to reflected fronti
: T eqguation of epher-!
ical front from |
)
t

. (10)
emitter sublendced

to point

sUldiute d (R) cua (A0 date (8), ve fiug the
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Colovackev and Ao A, Kuz'nin

A formula was douived to caloulate Lo radiation pattern of
arc antonnas in the plane of the oxthogend plarne of the arc.
It is chown that the shape of the radiation pattern is cou-
siderabkly devendent on the radivs of the arc and the arplituvie
distribution in the orthogona) planc. The characteristics of
shaping the raciation potteru of an arc antcuna in the planc

noxmal tc the planc of the ave are consideved,

vast nurlos of papers [x, 2, 2, 4] snd 5o oo owes Cuveoted Qurine tho ot

o investi

ing the ehrracteristics of eirca)y antoence & rays.  This in-

o,

is expladined by the spocific edvantoces of civeuler antenrnns over planc en-

tonunag,

YeGi il

e «

(LY el

t1

¢ rain cne of vhich includes tho earabhil T4y of wideangle woverent of the

5opotien: cithovt chrvwedng 3ts ciceactoeciction, Nowewver, thie chovoctoris-
circular (ere) antenrns arrayes eqe considored enly din the plane oF Uio ave

frvih ploce) din Lhe majer "ty of publichoed povers, althour the into:

A

i

the rodiclion patlerne il the piene of the ove and the crivogonal e
ateo kot This interdependonce in wand losted in thet e arce (CForull )
roy boLodeetional purravties an Ahe v oeticat plane oot vhen T

anvade s itlers are veed in this pianc.  Che indicated dlroctico v oprrlo-

¢ odete ol Ln8 by the vertical radiotien pottoom o covrcepondive to {0




3
% P oar o an ere leirenlar) antemma, Therefore, one must deal with a ralia-
\ c e s wcrrerron ding to the are cocflicient vhen shaning the opecial radia-
. vyt Lot e corecy s, sector, oot and so on) in the vertieal Dlave.
3 . cen, ey uoticn pattorn correstobrding to the are coofficient [2) is do-
{ ‘ . A e e tyie Jinersions of the are (with rodivs N and aperbure of 2§),
i
: Cattor o endttors and the anplitude dictiibution 3n the ari-uth
s, ~rela found in [2) Lo calculoic Lthe vertic. rediaticn wate
‘ R velio onlv for caleulating continvous arc entornnos.  rYroploms
: . v oiiatien vattern in the verstical! plaie 0of arce antennas with dis-
‘ v soes of critters are conaiderced helos.,
. s Copresyending to the Zre Coefficis &
i
tuiatdon pattoern througlh the field of an arc synmretrical with resrect to
‘ : ¢ oo tenna consisting of N oemitters having directic
, ©oarve () and amplitude distribution {Ij}, is dotermincd Ly the
A
1 n
¢ Pty ::: FFE g g o e e g (1)
To--n
Lo encuelay dictance hobtueen eniticrs and 500, Gy in Ule phooe rolid-
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P ity Ao el vl Ay
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L T g g R

The exypreanicn for phase eeltdplicer 500, M) of an ave antenana, which can

e ily e feand fren Tigure 1, han the form

S wlRen T N I R R LU LT £ {(?a)

To ensure coph.sel addition of the fields of all cuitters in a ¢given direction

SO U the clectrie phove compensation for the j-th eniticr sheould Le egval {o

A

. f AR . N . 11 B
oy B R ensh 0l mens ey, e sin sty (1)

vhere g, o are angles that determine the direction of the maximum radiation pat-

Lern of an ave antennz and B is thoe radius of the arc.

Concequintly,

A4 b4 ! - e e oy fr e e N 1, -
(g 99— ) KRR - cos o eos g cos T e cas g Con b

s (sing cos o sing, cos b

However, the rain keam wust be moved only in the azimuth plane (plane of the

ase) for wost practically realizagble cases; therefore, one can assume that Cg = 0,

To sinplify cnalyeis of the radiatien pattern in the plane of {he norrmal pleonc

of th~ ore (n the vertical plane), wMhich is ol intereat et a

in the ovilogenal plane has

Thoe radiatlion

seponding to

is then writion as

n
- N . .
I AT AR 2 AP IR (L cona ) --conh) ()
lart n
Jormn
Botielior Iy (wy) Inoenprorsion (4) docoemines Lhe o contributica of the (ow
VO the cediction {3018 Cae to s Jiooction? v ocevbios of tho endiwirs in ol
crinieih plane dn dirocting ¢ o= 00 1t s obvicn. that Ahi, pultiplior will b e & -
s ,

Cdon W h U crenyl o the yodtssden o nell oy o7 onoc el

ot ST vIlY v 2YY the acte e vedant Lo the oo ttule O

yYousdte torreta () An e do

o
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Fug v NS e linces), (5)

! i

)

) is a aereralized oordinnte onad {//} R N T is

Jiatribution du the nlane of the ave, Then, wing the o uali

i ve find

o
/} W H.I,U:\t\]‘ﬁ [ x,).

conndons (o) thet Ahie vertical redisiion dattoy F Gn oeve aa-

Yo Loviconts) potlenn, 1o complex in nature ond has no ron

cf on ave antenna are isclronic and uniforrly excited, i.c.,

(xtression for the vertical radiation pattern thon assures

& n
Fud i o M exn
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